Background/Aims: More and more reports have shown that the dysregulation of miRNAs can contribute to the progression and metastasis of human cancers. Many studies have shown that the down-regulation of the miR-495 level occurs in a variety of cancers, including colorectal cancer (CRC). However, the precise molecular mechanisms of miR-495 in CRC have not been well clarified. In the current study, we investigated the biological functions and molecular mechanisms of miR-495 in CRC cell lines. Methods: qRT-PCR was used to determine the level of miR-495 in CRC cell lines and tissues. A miR-495 mimic and inhibitor were transfected into CRC cells, and the effects of miR-495 on the invasion and EMT were explored by qRT-PCR as well as transwell and Western blot assays. Meanwhile, luciferase assays were performed to validate Annexin A3 as a miR-495 target in CRC cells. Results: In our study, we found that miR-495 is down-regulated in CRC tissues and cell lines. Moreover, the low level of miR-495 was associated with increased expression of Annexin A3 in CRC tissues and cell lines. The invasion and EMT of CRC cells were suppressed by the overexpression of miR-495. However, the down-regulation of miR-495 promoted the invasion and EMT of CRC cells. Bioinformatics analysis predicted that Annexin A3 was a potential target gene of miR-495. Next, the luciferase reporter assay confirmed that miR-495 could directly target Annexin A3. Consistent with the effect of miR-495, the down-regulation of Annexin A3 by siRNA inhibited the invasion and EMT of CRC cells through the up-regulation of p53. The introduction of Annexin A3 in CRC cells partially blocked the effects of the miR-495 mimic. Conclusion: The introduction of miR-495 directly targeted Annexin A3 to inhibit the invasion and EMT of CRC cells by up-regulating p53, and the down-regulation of Annexin A3 was essential for inhibiting the invasion and EMT of CRC cells by overexpressing miR-495. Overall, the re-activation of the miR-495/Annexin A3/ p53 axis may represent a new strategy for overcoming metastasis of CRC.
Introduction
Colorectal cancer (CRC), also known as colon cancer, is the third most common cancer and the second leading cause of cancer-related death worldwide [1] . CRC is a common malignant neoplasm in the digestive tract. Moreover, the invasion and metastasis of cancer are the main causes of mortality in patients with CRC [2] . During the development of CRC, the activation of oncogenes and inactivation of suppressors play critical roles in invasion and metastasis [3] . Although treatment has improved, 50% of patients with CRC still develop metastases after surgery [4] . The precise molecular mechanisms underlying the invasion and metastasis of CRC remain largely unknown. Therefore, it is highly important to identify new predictive biomarkers and to understand the precise mechanisms for the invasion and metastasis of CRC.
Annexins are a structurally homologous family of calcium-dependent phospholipidbinding proteins [5] . The 12 human Annexins play different roles in regulating the activity of phospholipase A2, membrane trafficking, cell division, differentiation, apoptosis and blood coagulation [5] [6] [7] [8] . In addition, Annexins play critical roles in carcinogenesis [9] . Recent reports show that the up-regulation and down-regulation of Annexin members in multiple cancers are closely associated with the progression of cancers [9] . However, the expressions of Annexins, such as A1, A2, A3, A5 and A7, in CRC are still unclear.
Many studies have reported that microRNAs (miRNAs) play important roles in regulating biological and pathologic processes, including invasion and metastasis [10] . They generally function as crucial gene regulators. Recently, several reports have showed that miRNAs are involved in metastasis and tumorigenesis by targeting many types of mRNAs [11] . To date, the dysregulated expression of multiple miRNAs, such as miR-4775 [12] , miR-30a-5p [13] , and miR-124 [14] , have been demonstrated to contribute to the invasion and metastasis of CRC. These findings provide a strong basis for the importance of miRNAs in the pathogenesis of CRC and emphasize the implications of miRNAs in the diagnosis, therapy, and prognosis of CRC. In this study, the level of Annexin A3 was found to be the highest among Annexins in CRC tissues in comparison to the adjacent tissues. Furthermore, we found that miR-495 could directly target Annexin A3 in CRC cells using the online database TargetScan 6.2. Currently, miR-495 has attracted much attention because several studies have reported that miR-495 is frequently decreased and functions as a tumor suppressor in gliomas as well as gastric and endometrial cancers [15] [16] [17] , but it is increased and functions as an oncogene in breast and bladder cancers [18, 19] . However, until now, the level of miR-495 and its the precise mechanism in CRC have been unclear. We first found that the level of miR-495 was frequently down-regulated in CRC tissues and cell lines. The introduction of miR-495 suppressed the invasion and epithelial-mesenchymal transition (EMT) of CRC cells. The overexpression of Annexin A3 reversed the inhibitory effects of a miR-495 mimic on CRC cells through the down-regulation of p53. Hence, our results showed important roles for miR-495 in the pathogenesis of CRC and suggested its potential application in its treatment.
Materials and Methods
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MiRNA transfection
To up-regulate or downregulate the level of miR-495, HCT116 cells were transfected with a miR-495 mimic and a miR-negative control (miR-NC) or a miR-495 inhibitor and a miR-negative control for the inhibitor (inhibitor-NC) that were synthesized by Gene-Pharma (Shanghai, China). The transfections were done using Lipofectamin 3000 reagent (Invitrogen, USA) according to manufacturer's instructions. The pcDNA3.1 vector, pcDNA-Annexin A3, siRNA for Annexin A3 (si-Annexin A3), si-p53 and siRNA-negative control (si-NC) were synthesized and purified by Gene-Pharma (Shanghai, China).
Reverse transcription polymerase chain reaction
The total RNA of the HCT116 cells was extracted by using TRIzol reagent (Qiagen, USA) in order to analyze the miRNA and mRNA levels according to the manufacturer's protocols. For quantification of miR-495, the TaqMan MicroRNA Reverse Transcription Kit and the TaqMan miRNA assay (Applied Biosystems, USA) were used to perform reverse transcription and PCR according to the manufacturer's instructions. U6 was used as an internal control. The gene expressions of Annexin A3, E-cadherin, β-catenin, fibronection, vimentin, Snail, Slug, ZEB1 and ZEB2 were detected using SYBR Green PCR kits (Qiagen, USA). GAPDH served as an internal control. U6 snRNA and GAPDH mRNA were used to normalize the data. The primers used are listed in Table 2 .
Transwell invasion assay
A transwell Matrigel invasion assay using transwell chambers (8- (BD Biosciences, Franklin Lakes, NJ) that contained extracellular matrix proteins was used to assess cell invasion. In brief, 1×10 5 cells in 100 μl DMEM containing 1% FBS were seeded in the upper chamber, and 600 μl DMEM containing 10% FBS were added to the lower chamber. After 24 h of incubation at 37 °C in a 5% CO 2 atmosphere, cells that remained in the upper chamber were removed by cotton swabs, and the penetrating cells were fixed in methanol and then stained with 0.1% crystal violet. Then, the membranes were rinsed with 30% glacial acetic acid. Finally, the absorbance of the washing solution was assessed at 540 nm for cell counting measurements.
Measurement of the matrix metalloproteinase (MMP)-2, MMP-7, MMP-9, tissue inhibitor of metalloproteinase (TIMP)-1 and TIMP-2 levels
Enzyme-linked immunosorbent assay (ELISA) kits (USCN, USCN Life Science, Wuhan, China) were used to determine the levels of MMP-2, MMP-7, MMP-9, TIMP-1 and TIMP-2 in the culture supernatants based on the manufacturer's instructions.
Western blot analysis HCT116 cells were washed twice in cold PBS and then lysed in RIPA lysis buffer (Beyotime Institute of Biotechnology Jiangsu, China) containing a protease inhibitor cocktail (Merk, USA). The protein concentration of the cell lysates was quantified using a BCA Kit (Beyotime Institute of Biotechnology Jiangsu, China), and 50 ng of protein for each sample were separated by SDS-PAGE on 10% gels and then transferred to a polyvinylidene fluoride (PVDF) membrane (Millipore, USA). The membranes were blocked in 5% non-fat milk diluted with TBST at room temperature for 1 h and incubated overnight at 4 °C with primary antibodies, including anti-Annexin A3, anti-MMP-7, anti-MMP-9, anti-E-cadherin, anti-β-catenin, anti-fibronection, anti-vimentin, anti-Snail, anti-Slug, anti-ZEB1 and anti-ZEB2 (1:500; Abcam, USA) as well as anti-MMP-2, anti-TIMP-1, anti-TIMP-2 and anti-p53 (1:1000; Cell Signaling Technology Inc., USA). The membranes were then incubated with a goat anti-rabbit or anti-mouse IgG conjugated to horseradish peroxidase secondary antibody (1:1000; Cell Signaling Technology Inc., MA, USA) for 2 h. The proteins were visualized using ECL Plus reagents (Amersham Biosciences Corp., USA). The density of the bands was measured using the ImageJ software (USA), and the values were normalized to the densitometric values of α-tubulin (1:1000; Sigma, USA) or β-actin (1:5000; Sigma, USA) in each sample.
Luciferase reporter assay HCT116 cells were seeded in 24-well plates and incubated for 24 h before transfection. The pMIRAnnexin A3-3'UTR wild-type or mutant plasmid was cotransfected with a miR-495 mimic or miR-NC and the pRL-TK plasmid (Promega, USA) into HCT116 cells. After transfection for 24 h, a luciferase reporter gene assay was implemented using the dual-luciferase reporter system (Promega, USA) following the manufacturer's protocols. All experiments were performed at least 3 times.
Statistical analysis
All statistical analyses were performed using the GraphPad Prism 5.0 software (GraphPad Software, Inc., USA). Data from each group were expressed as the mean ± standard error of the mean (S.E.M.). Student's t-test was used to analyze differences between two groups. A one-way ANOVA was performed to detect statistical differences among multiple groups. Differences within the ANOVA were determined using a Tukey's post hoc test. Differences were considered statistically significant at a p value of <0.05.
Results
The expression of Annexin A3 was up-regulated and the level of miR-495 was downregulated in CRC tissues and cell lines
It has been reported that Annexins, such as Annexin A1, A2 A3, A5 and A7, are closely associated with cancers [20] . In this study, we detected these five Annexins genes in CRC tissues. The results showed that the mRNA level of Annexin A3 was the highest in CRC tissues among these five Annexins genes compared with the adjacent tissues (Fig. 1A) . Furthermore, we detected the expression of Annexin A3 for stage I/II and stage III. Our results showed Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry that the expression of Annexin A3 in stage III CRC tissues was expressed higher than that in stage I or II CRC tissues (Fig. 1B) . Subsequently, we also determined the mRNA level of Annexin A3 in four CRC cell lines (HCT116, SW480, HT29 and SW620) and a normal colon epithelium cell line (FHC). Compared with the FHC line, the level of Annexin A3 in HCT116 cells was higher than that in the other three CRC cell lines (Fig. 1C) . Thus, HCT116 cells were used in the following experiments. For further study, we found that miR-495 may directly target Annexin A3 using the online database TargetScan 6.2. Next, our results showed that the level of miR-495 in the CRC tissues was significantly lower in comparison to the adjacent (Fig. 1D ). To confirm this result, we also demonstrated that miR-495 expression was markedly down-regulated in HCT116 cells compared to that in FHC, as shown in Fig. 1E .
Effect of miR-495 on the invasion and related molecules of CRC cells
After transfection with a miR-495 mimic and an inhibitor, the qRT-PCR analysis showed that the level of miR-495 was significantly up-regulated and down-regulated, respectively ( Fig. 2A) . These data demonstrated that we efficiently enhanced and reduced miR-495 expression, respectively, in HCT116 cells. To study the role of miR-495 in the invasion of CRC cells, we evaluated the invasive capacities of HCT116 cells transfected with a miR-495 mimic or an inhibitor using transwell invasion assays. The transwell assays illustrated that the invasion of HCT116 cells was remarkably suppressed in the miR-495 mimic group compared to the miR-NC group but was significantly promoted in the miR-495 inhibitor group compared to the anti-miR-NC group (Fig. 2B) . These findings showed that miR-495 might play a critical role in the inhibition of CRC cell invasion. The balance between MMPs and TIMP-2 is demonstrated to play an important role of invasion by stimulating the degradation 
of the ECM in CRC cells and is associated with enhanced tumor metastatic potential. Our ELISA and Western blot assays indicated that the total secretion of MMP-2, MMP-7, and MMP-9 in the culture supernatants and the expressions of MMP-2, MMP-7, and MMP-9 were evidently decreased by the overexpression of miR-495 in HCT116 cells and the total secretion of TMIP-1, TIMP-2 and protein expressions of TMIP-1, TIMP-2 were significantly increased (Fig. 2C, D, E) . However, the knockdown of miR-495 could enhance the secretion 
and protein expressions of MMP-2, MMP-7, and MMP-9 and reduce the secretion and protein expressions of TMIP-1 and TMIP-2 (Fig. 2D, F) . Taken together, our findings suggested that the down-regulation of MMP-2, MMP-7, and MMP-9 and the up-regulation of TMIP-1 and TMIP-2 might be the possible mechanisms contributing to the inhibitory effect of the miR-495 mimic on the invasion of HCT116 cells.
Effects of miR-495 on EMT of CRC cells
Next, we explored the effects of miR-495 on the expressions of EMT markers in HCT116 cells using qRT-PCR and Western blot. The introduction of miR-495 in HCT116 cells increased the expression of the epithelial marker E-cadherin and decreased the expressions of mesenchymal markers β-catenin, fibronection and vimentin at both the mRNA and protein levels (Fig. 3A) . Moreover, we also determined the expressions of EMT-related transcription factors in HCT116 cells after transfection with a miR-495 mimic. The overexpression of miR-495 significantly reduced the mRNA and protein expressions of Snail, Slug, ZEB1 and ZEB2 (Fig. 3C) . However, the knockdown of miR-495 had opposite effects on miR-495 up-regulation in the EMT of CRC cells (Fig. 3B, D) . Altogether, our findings revealed that the overexpression of miR-495 could inhibit the EMT of CRC cells.
miR-495 directly targets Annexin A3 in CRC cells
Based on the TargetScan 6.2 database, we predicted that Annexin A3 was a binding target of miR-495. Next, we performed qRT-PCR and Western blotting to assess the expression of Annexin A3 at the mRNA and protein levels in HCT116 cells transfected with a miR-495 mimic or inhibitor. Our findings showed that the mRNA and protein levels of Annexin A3 were significantly decreased after transfection with a miR-495 mimic and were dramatically increased after transfection with a miR-495 inhibitor (Fig. 4A and B) . Moreover, a luciferase reporter assay also confirmed that miR-495 directly targeted Annexin A3. Annexin A3 3′- 
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UTR was cloned into a luciferase reporter vector, and the putative miR-495 binding site in the Annexin A3 3′-UTR was mutated (Fig. 4C) . Our data showed that the up-regulation of miR-495 markedly inhibited the luciferase activity of pMIR-Annexin A3 3′-UTR WT (Fig. 4D) . The mutation of the miR-495-binding site in the Annexin A3 3′-UTR abolished the effect of miR-495, which indicated that miR-495 directly and negatively regulated the expression of Annexin A3.
Knockdown of Annexin A3 mimicked the effects of the overexpression of miR-495 through the up-regulation of p53
To explore the role of Annexin A3 in CRC cells, HCT116 cells were transfected with si-NC or si-Annexin A3. The qRT-PCR and Western blot analysis showed that the expression 
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Cellular Physiology and Biochemistry of Annexin A3 was significantly decreased at the mRNA and protein level in HCT116 cells transfected with si-Annexin A3 (Fig. 5A) . A transwell assay revealed that the down-regulation of Annexin A3 suppressed the invasion of CRC cells (Fig. 5B) . Moreover, decreased Annexin A3 expression could significantly reduce the total expression of MMP-2 and enhance the expressions of TMIP-1 and TIMP-2 in HCT116 cells (Fig. 5C ). In addition, the silencing of Annexin A3 contributed to the up-regulation of E-cadherin and the down-regulation of β-catenin, fibronection and vimentin (Fig. 5D) . Next, the mRNA levels of Snail, Slug, ZEB1 and ZEB2 in HCT116 cells were also significantly reduced by decreasing the miR-495 level (Fig. 5E) . Hence, the knockdown of Annexin A3 induced a very similar phenotype as miR-495 overexpression in CRC cells. In further study, the down-regulation of p53 could significantly block the effects of Annexin A3 inhibition (Fig. 5B-F) . Altogether, our data demonstrated that the down-regulation of Annexin A3 inhibited cell invasion and the EMT of CRC through the down-regulation of p53.
MiR-495 suppressed the invasion and EMT of CRC cells through its inhibition of Annexin A3
To confirm whether miR-495 inhibited the invasion and EMT of CRC cells through an Annexin A3-dependent mechanism, we cotransfected HCT116 cells with a miR-495 mimic and the pcDNA3.1-Annexin A3 vector. Our data showed that the expressions of Annexin A3 at the mRNA and protein levels were dramatically increased after transfection with the miR-495 mimic and pcDNA-Annexin A3 compared with the miR-495 mimic and a pcDNA vector in HCT116 cells (Fig. 6A) . The data from the transwell assay indicated that the up-regulation of Annexin A3 could reverse the inhibitory effect of miR-495 overexpression on the invasion of CRC cells (Fig. 6C) . Moreover, the introduction of Annexin A3 decreased the expression of E-cadherin and increased the expressions of β-catenin, fibronection and vimentin in HCT116 cells after transfection with the miR-495 mimic (Fig. 6D) . Next, the up-regulation of Annexin A3 could also reverse the effects of the miR-495 mimic on the expressions of Snail, Slug, ZEB1 and ZEB2 (Fig. 6E) . Therefore, our data clearly confirmed that the up-regulation of miR-495 inhibited the p53-regulated invasion and EMT of CRC cells by directly targeting Annexin A3 and the knockdown of Annexin A3 was essential for the miR-495 mimic-induced inhibition of the invasion and EMT in CRC cells.
Discussion
CRC is the fourth and third most common cancer in males and females, respectively, with over 1.2 million cases diagnosed each year worldwide and approximately 600, 000 deaths [2] . The primary cause of death induced by CRC is metastasis to the liver [21] . Therefore, understanding the precise molecular mechanisms underlying CRC metastasis is critical to the development of novel and effective therapeutic strategies for patients with advanced CRC. Despite structural similarities among the members of this family, Annexin proteins play different roles in anti-inflammation actions, anti-fibrinolytic activity, vesicle trafficking, cell proliferation, apoptosis, differentiation and angiogenesis [5, 6, 8, 22] . Recent studies have demonstrated that several forms of annexins are closely associated with the development and progression of cancer, and the expression patterns of individual annexins are tumortype specific [9] . Several annexin proteins, including Annexin A1, A2, A3, A4, A5, A6, A7 and A11, are involved in the oncogenic process. In this study, for the first time, we demonstrated that Annexin A3 had the highest expression in CRC tissues among these annexin proteins. Then, we found that the expression of Annexin A3 in stage III CRC tissues was higher than that in stage I and II CRC tissues. Next, our findings showed that miR-495 was frequently down-regulated in CRC cell lines and tissues. Moreover, the level of miR-495 in stage III CRC tissues was lower than that in stage II CRC tissues. As expected, the introduction of miR-495 inhibited the invasion and EMT of HCT116 cells. Our findings suggested that miR-495 plays crucial roles in regulating the invasion and EMT of CRC and might be a possible diagnostic and predictive biomarker.
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Previously, the precise mechanism of miR-495 in CRC was unclear. Therefore, in this study, we aimed to elucidate the biological functions and its mechanism of miR-495 in CRC. Our qRT-PCR, Western blotting and luciferase reporter assays confirmed that miR-495 directly targeted Annexin A3. Importantly, we also demonstrated that the overexpression of Annexin A3 partly blocked the inhibitory effects of a miR-495 mimic on the invasion and EMT of CRC cells through down-regulation of p53. Therefore, we made the conclusion that miR-495 plays critical roles in the inhibition of the invasion and EMT of CRC cells through the regulation of Annexin A3 and p53.
One of the key molecular steps in the process of invasion is the degradation of extracellular matrix (ECM) components by proteolytic enzymes [23] . A previous study showed that the imbalance between MMP activity and the specific inhibitor TIMPs in CRC tissue might be a significant factor in the process of tumor invasion and metastasis [24] . It has been demonstrated that the expression of MMP-2 in CRC tissues was significantly higher, but TIMP-2 was significantly lower than that in normal tissues [24] . In this paper, the transwell assay showed that the overexpression or knockdown of miR-495 dramatically suppressed or promoted the invasion of HCT116 cells compared with the miR-NC or anti-miR-NC group, respectively. Moreover, the expressions of MMP-2, MMP-7, and MMP-9 were significantly decreased, and the expression of TIMP-2 was dramatically increased in HTC116 cells after transfection with a miR-495 mimic. In addition, one key molecular step in the process of distant metastasis is characterized by the EMT. The activation of the EMT is observed in many types of malignant tumors, including CRC [25, 26] . EMT causes the cancer cells to obtain invasive properties and metastatic growth characteristics. Genes such as E-cadherin, N-cadherin, β-catenin, fibronection and vimentin have been established as the markers of EMT [27] . We assessed the changes in the EMT markers in HCT116 cells transfected with a miR-495 mimic and inhibitor. Our data demonstrated that the up-regulation of miR-495 could dramatically increase the level of the epithelial marker E-cadherin and decrease the mesenchymal markers β-catenin, fibronection and vimentin, which suggested that miR-495 might reverse the EMT process to suppress cell invasion and metastasis. Moreover, many transcription factors, such as Snail, Slug, Twist, ZEB1 and ZEB2, are considered crucial inducers of the EMT [28] [29] [30] . Further study showed that the introduction of miR-495 led to the down-regulation of the expression of Snail, Slug and ZEB1 and ZEB2. Collectively, our results indicated that overexpressing miR-495 inhibited the EMT through the downregulation of transcription factors, thereby suppressing cell invasion and metastasis of CRC.
Annexin A3 is a member of the annexin family, and it is important for diagnosis and prognosis. Several studies have reported malignancies associated with a high expression of Annexin A3, including prostate cancer [31] , pancreatic cancer [32] , kidney cancer [33] , liver cancer [34] , lung adenocarcinoma [35] , ovarian cancer [36] and CRC [37] , indicating that Annexin A3 may be a critical oncogene contributing to the metastasis of cancers. In the present study, Annexin A3 was also found to be up-regulated in CRC cells and tissues. Next, our findings confirmed that Annexin A3 is a direct target of miR-495 in CRC cells. Furthermore, we found that the knockdown of Annexin A3 also significantly inhibited the invasion and EMT of CRC cells, mimicking the effects of miR-495 overexpression. Additionally, the restoration of Annexin A3 partially blocked the inhibitory effects of the miR-495 mimic on the invasion and EMT of CRC cells, suggesting that Annexin A3 might play an important role in the metastasis of CRC. In addition, many studies have reported that down-stream of p53 is the EMT [38] . For example, the activation of p53 resulted in the increased repression of Snail, an EMT-inducing transcription factor [39] . G. Chiappetta et al. showed that the ectopic expression of PATZ1 in thyroid cancer cells activates the p53-dependent pathways opposing EMT and cell migration to prevent invasiveness [40] . Yan et al. reported that the overexpression of Annexin A3 inhibited the level of p53, thus enhancing the platinum-drug resistance in ovarian cancer cells [36] . Based on these results, we propose the hypothesis that Annexin A3 could modulate the EMT through the regulation of p53. After silencing p53, the effects of Annexin A3 knockdown on invasion and EMT were partially blocked. 
Conclusion
We demonstrated that the relative miR-495 expression was dramatically reduced in CRC tissues and cells. The up-regulation of miR-495 inhibited the invasion and EMT of CRC cells by the down-regulation of Annexin A3. This novel miR-495/Annexin A3/p53 axis might provide new insights into the molecular mechanisms underlying invasion and metastasis of CRC, and the overexpression of miR-495 might be a possible therapeutic strategy for the therapy of CRC in the future.
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